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ABSTRACT
Because of the dearth of information on the subject, 
and the economic and physiological importance of the prob­
lem, a study was made of the absorption and metabolism of 
carotene as affected by the quality of ingested protein*
In the course of this work were investigated 
simultaneously, using the same experimental animals, the 
effects on (a) the fecal excretion of carotene, (b) the 
hepatic storage of vitamin A, (c) the ratio of liver weight 
to body weight, (d) the ration efficiency, and (e) the 
vitamin A blood level, relative to the utilization of 
carotene as influenced by four isocaloric, Isonltrogenous 
rations, each of which contained one of the proteins, 
casein, lactalbumln, gluten, or zeln*
The four rations were fed for six weeks to four 
matched groups, each comprising eleven Individuals, of 
vitamin A depleted male Sprague-Dawley rats* Distilled 
water ad libitum, and dally supplements of beta-carotene 
and alpha-tocopherol were provided* For each individual 
rat the feces were quantitatively collected and analysed 
for carotene* Records were kept of the individual food 
intakes* The body weights and the vitamin A blood values
were assessed at regular Intervals* At the end of the
vi
experiment the rata were killed* The livers were removed 
and analysed for vitamin A«
After being subjected to statistical analysis the 
experimental data indicated that (1) the rats receiving 
easeln and seln-caseln excreted lesa carotene in the feces 
than did the rats receiving lactalbumin and gluten* (2) the 
rats receiving casein stored larger amounts of vitamin A 
in the liver than did the rats receiving the three other 
proteins* (3) the rats receiving casein had smaller livers 
relative to the size of the body than did the rats receiving 
the three other proteins* (4) the rats receiving casein and 
lactalbumin utilized the rations more efficiently than did 
the rats receiving gluten and zeln* and (5) an unequivocal 
conclusion regarding the effects of casein* lactalbumlnj 
gluten and zeln on the vitamin A blood levels can not be 
drawn from the data for these groups containing eleven rats; 
by attributing* however* the differences in vitamin A blood 
values to an overall amino acid imbalance in the gluten 
and zeln-caseln rations* the data show that an overall amino 
acid Imbalance depresses the vitamin A blood level in the 
rapidly growing albino rat*
Evidence is presented* including that from pertinent 
reports in the literature* which lends support to five 
propositions t
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1* Protein exerts an influence on the absorption and 
metabolism of carotene*
2* in the albino rat* the vitamin A blood level is higher 
during the period of rapid growth than it is later 
when relative maturity la attained.
3* Except when the liver stores are approaching exhaus­
tion, the vitamin A blood values give no indication of 
the amount of vitamin A stored in the liver*
4. The higher the nutritive value of an ingested protein, 
the smaller are the requirements of the body for 
vitamin A*
5* Vitamin A is consumed in some metabolic processes 
attending the syntheses of amino acids, or proteins, 
or both*
Starting with two assumptions (a) a large propor­
tion of the amino acids from an Ingested protein in a 
ration of low efficiency is transformed In the liver to 
proteins which the body tissues can utilise, and (b) vita­
min A is consumed in this transformation, an hypothesis 
was outlined which explains two contrasting observations 
of three associated effects* the rats which received the 
ration of lowest efficiency developed the largest livers 
and stored the smallest amounts of vitamin A, while the 
rats which received the ration of highest efficiency de­
veloped the smallest livers and stored the largest amounts 
of vitamin A*
viii
INTRODUCTION
The bulk of the physical basis of living matter 
la constituted of fats, carbohydrates and proteins, which 
serve as principal sources of energy and body tissue* 
Substances known as vitamins are Involved in various bio­
chemical mechanisms by which food and energy are trans­
formed into the many forms of activity essential to normally 
functioning organisms* Vitamin A is one of these essential 
accessories* 3he pathogenic consequences of a deficiency 
of this vitamin are similar in human beings, monkeys, 
cattle, swine, dogs, rabbits, guinea pigs, rats, mice and 
fowls•
Vitamin A does not occur as such in feeds of plant 
origin* However, green leaved plants and certain other 
feeds of plant origin contain substances grouped under the 
term "carotene", which can be converted into vitamin A 
within the bodies of animals* Carotene is estimated to 
supply about two-thirds of the vitamin A value of the 
average human diet in the United States, and more than that 
proportion in oriental countries where the consumption of 
animal products is low*
Except as a precursor of vitamin A, carotene as 
such is not known to be active in the animal economy* The
lx
problem ©f absorption, assimilation and metabolism of 
carotene is important because of the relationship of caro­
tene to vitamin A. The work described in this thesis is 
devoted to a study of the nutritional utilization of caro­
tene as affected by the quality of proteins such as casein, 
lactalbumin, gluten and zeln, using White rats as the 
experimental subjects*
x
CHAPTER I 
LITERATURE SURVEY
The history of vitamin A began almost forty years 
ago with the recognition by McCollum and Davis (43) and 
simultaneously by Mendel and Osborne (48) of the existence 
of something in fatty foods which is an indispensable fac­
tor for growth and is even necessary for life itself# The 
substance responsible for the activity of this fat soluble 
factor eventually came to be known as vitamin A# A few 
years after the original discovery, Steenbock and his co- 
workers (5?) were among the first to observe that the caro- 
tenolds also showed the same activity# By 1928, Euler and 
his associates (64) had shown that as little as five micro- 
grams of carotene dally was effective in promoting growth 
in the rat# During the next twenty years the molecular 
structures of vitamin A and carotene were elucidated; 
extremely pure samples of these compounds were prepared; and 
advances were made In analytical methods and experimental 
techniques# By 1948 it was possible for Koehn (33) to demon­
strate that a dally dose of only one microgram of either 
beta-carotene or vitamin A was sufficient to promote growth 
in the rat# His results, Which have been confirmed by other 
workers (7), established the physiological equivalence of
1
2one molecule of carotene and two molecules of vitamin A, 
the similarity between which is apparent from the molecular 
formulae t
CH? XHo GH„ CH- CHo CHo CH3^c /  3 j 3 | 3 | 3 | 3 CH3 ^ H3
OSiX' Ns‘C-GH«CH-G*CH-CH=CB-C=CH-'CH*CH-CK1rC*CH*CH-OH«C-CB*GH-C^ ^CHo 
I 2 If I I 2
CH2 „b ^ - CH3 CH3-'C^ Ch2-^ -CHg 3 ^CHg
beta-Carotene; C^qH ^
CHo CHq CH, CHo3 ^  3 j 3 | 3
CHg C -CH=CH -C =CH-CH =CH -C =CH-CH2 -OH
CHo p-CH.
^ C H 2 3
Vitamin Aj C2(^ H^ qO
Carotene is widely distributed throughout the plant 
world, but its exact function in plant physiology Is unknown* 
Except as a precursor of vitamin A, carotene as such is not 
known to be active in the animal economy* Because of the 
relative abundance of carotene In comparison with the supply 
of vitamin A which is found only in animals, the factors 
affecting the nutritional utilization of carotene are of 
great economic, as well as physiological, importance*
Of the various factors which may Influence the 
absorption and metabolism of carotene and vitamin A, the 
action of the tocopherols In preventing the oxidation of 
carotenolds in the Intestinal lumen has perhaps received
3the greatest study* The beneficial effect of alpha- 
tocopherol in this connection was first observed by Moore 
(47) and later by Sherman (55) and many Others whose work 
has been reviewed by Hickman (28) and Lemley and his 
associates (36)* Studies in this area of the field have 
progressed to the point where it was possible for Burns, 
Hague, and Quackenbush (7) to report that the optimum 
dally dose of alpha-tocopherol for promoting the utiliza­
tion of carotene in rata is about one milllgra^/rat/day.
According to recent investigations, the mechanism 
by which carotene is transformed to vitamin A in the body, 
as deduced from experiments with rats, appears to be as 
follows. Cleavage of carotene to vitamin A takes place 
chiefly in the wall of the small intestine (41), (63),
(40), (60), (23). It is probable that the carotene is 
oxidized to vitamin A aldehyde which is subsequently 
reduced to the free alcohol (22). Following oral admin­
istration of vitamin A alcohol most of the vitamin becomes 
esterifled In the intestinal wall, from which it is trans­
ported to the liver by the lymph (14) (24), and there stored 
as the ester (23), (13) bound to protein in the form of a 
lipoprotein complex (2) (44). The free and esterified forms 
of vitamin A are found in the blood but It la the alcohol 
form which predominates (10), (31) and is the more Important 
in reflecting the vitamin A content of the liver (21). The
stored vitamin A ester in the liver is converted to the 
free alcohol by an enzyme (44) which may be concerned in 
maintaining an equilibrium between vitamin A alcohol and 
vitamin A acetate so that the level of vitamin A in rat 
blood, which also contains an enzyme for converting vitamin 
A ester to the alcohol (36), is held at about 40 I*U. per 
100 ml* of serum*
The administration of large amounts of vitamin A 
to the rat results in the storage of vitamin A ester in 
the liver, and the ester is utilized as a source of the 
vitamin for physiological needs (44)« The biochemical 
mechanisms by which vitamin A functions in satisfying these 
physiological needs are unknown*
The early work on the factors affecting the absorp­
tion and metabolism of carotene and vitamin A was seriously 
handicapped by the usual difficulties of biological tech­
nique* These difficulties were enlarged by the fact that 
it was often impossible to know whether the responses to 
doses of a supplement had been limited by the absence from 
the animals1 diet of other essential ingredients* Many 
of the inconsistencies apparent in the earlier work have 
since been resolved by the subsequent Increase of knowledge* 
The literature to 1$44 dealing with the chemistry 
and physiology of vitamin A has been surveyed in a compre­
hensive review by Hellbron, Jones and Bacharach (27)*
A similar review of the work to 1949 on stereoisoraeric pro­
vitamins A has been made by Zechmelster (66). Other notable 
reviews dealing with various biochemical aspects of caro­
tene and vitamin A are those of Palmer (49), Bessey and 
Wolbach (4), and Robertson (52). The Annual Reviews of 
Biochemistry periodically summarizes the work reported 
during the preceding year*
A factor which appears to influence the utilization 
of carotene and vitamin A is the protein content of the 
diet*
Basu and Be (1) found that 18 per cent protein in 
the ration considerably Increased the liver storage of 
vitamin A over the amount stored when the ration contained 
8 per cent protein and both groups of rats received 100 
1*0* of vitamin A dally*
Baumann, Poster and Moore (2) used casein in a 
study of the effect of protein level in the diet on the 
liver stores of vitamin A in the rat* The depletion of 
hepatic vitamin A on a standard diet low in vitamin A was 
more rapid when the casein content of the diet was 12 per 
cent than when it was 18 per cent* Parallel experiments 
on the formation of liver stores of vitamin A showed less 
storage of vitamin A when the casein content of the diet 
was 8 per cent than when it was 18 per cent* Furthermore, 
When the food Intakes of the two groups of rats were such 
that the growth rates were the same, the animals receiving
6the higher level of protein always had the smaller livers* 
3*3 grams as compared to 3*9 grams* average; yet they 
developed larger stores of vitamin A- However, storage of 
vitamin A was no greater on 36 per cent of casein than on 
13 per cent* The addition of 12 per cent of gelatin to 8 
per cent of casein diet did not increase vitamin A storage*
Bye, Bateman and Porter (13) studied the effect of 
9, 18 and 36 per cent levels of protein (casein) in the 
diet on the utilization of small supplements, 6 I*U* or 
less/rat/day of vitamin A. The level of protein had little 
effect upon the utilization of these small amounts of 
vitamin A as Judged by weight gains, length of the rat, 
sad Incidence of foci of keratinized epithelium* The small 
amounts of vitamin A used may have been insufficient to 
permit the appearance of the effect of different levels of 
the same protein, since Horton, Murrill and Curtis (29) 
reported that 20 I*U* of vitamin A represented the dally 
requirement of the rat, but did not allow liver storage;
Paul and Paul (30) found that 10 1?SP units per 100 grams 
of body welght/rat/day was required for maintenance*
Brown and Morgan (6) studied the effect of vitamin A 
deficiency on the nitrogen metabolism of the rat, using 
diets of 18 per cent and 22 per cent casein content* They 
concluded that vitamin A is essential for the growth of 
tissue protein but not for its maintenance*
7Mayer and Krehl (42) maintained rata on vitamin A 
deficient diets whose compositions were varied with respect 
to protein, carbohydrate and fat* in vitamin A deficient 
animals, they found that Increased levels of dietary pro­
tein (casein) resulted In decreased efficiency of protein 
utilisation for growth, decreased efficiency of food utili­
sation, decreased survival time, and a general Increased 
severity of the symptoms of vitamin A deficiency* They 
also found teat at least part of the effects of an Increased 
protein level on vitamin A deficiency could be canceled by 
tee administration of vitamin C*
Vavlch and Kearnsrer (63) Investigated the effect 
of tee amount of food consumed upon the amount of vitamin A 
stored In the liver of the rat* They found that the 
amount of basal diet consumed had no effect on the storage 
of vitamin A In the liver, when the dally supplement to a 
•diet low In vitamin A was 60 mlcrograms/rat, and the amount 
of ration fed to one group of rats was just enough to pre­
vent loss of weight, and twice this amount of ration was 
fed to the other group of rats*
Sampson, Dennison and Korenchevsky (33) reported 
Increased nitrogen metabolism and decreased rate of gain 
In body weight per gram of nitrogen Ingested when rats 
were being depleted of vitamin A, as compared with pair- 
fed animals receiving vitamin A* Bmerique (17) found
8during avitaminosis A that the nitrogen balance remained 
positive although progressively smaller* He concluded 
that the failure of protein anabolism was the cause of the 
eventual loss of appetite*
Deuel and his coworkers (12) suggested, on the 
basis of studies with rats, that the quality of protein may 
influence the growth response to given amounts of vitamin A* 
In a series of experiments they used two strains of rats, 
Dhiverslty of Southern California, and Sprague-Dawley*
With the Sprague-Dawley strain they found that the extent 
of growth during the 28-day bioassay period, when vitamin A 
was fed at levels of 1*2 and 3*5 I*D*j was significantly 
greater with mackerel protein than with the standard casein 
diet* The growth of the rats receiving the mackerel pro­
tein and 1*2 1*0* vitamin A/rat/day exceeded by 43 per cent 
that of the rats receiving the same amount of vitamin A and 
the casein diet; the growth of rats receiving the mackerel 
protein diet and 3*5 1*0* vitamin A/rat/day exceeded by 31 
per cent that of the rats receiving the same dose of vitamin 
A and the casein diet* On the other hand, with the DSC 
strain of rats the differences in growth on the two pro­
teins were not significant, although in each case the In­
crease in weight with the group receiving the mackerel pro­
tein somewhat exceeded that of those receiving casein* The 
method of preparation of the mackerel protein left it free
9of vitamin A as measured by spectrophotometries analysis. 
These results indicate that greater growth may result with 
limited amounts of vitamin A when a protein of higher 
nutritive value than casein is employed*
Praps (19) found that carotene dissolved in oil and 
fed with a bulky ration containing cottonseed hulls had a 
lower apparent digestibility than when fed with a similar 
ration containing corn meal or starch* but the liver storage 
of vitamin A was little affected* With a bulky ration con­
taining agar* the digestibility of the carotene was the 
same as with the corn meal ration* Delay in feeding the 
basal ration after feeding the carotene reduced the 
storage of vitamin A in the liver* Substitution of casein 
for corn meal Increased the apparent digestibility of 
carotene and storage of vitamin A in the liver*
Le Gallic (37) reported that a diet containing 
casein and lard* but containing no vitamin A factor 
detectable by optical or chemical methods* exerted a 
vitamin A activity in rats provided the casein and lard 
were in proper ratio to each other* A ration containing 
18 per cent of casein and 21 per cent of lard (with starch 
and supplements) maintained normal growth in young rats; 
a ration with only 10 per cent of lard did not* Extraction 
of the casein with various organic solvents did not affect 
the vitamin A activity* but if the casein was subjected
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to enzyme hydrolysis before addition to the ration the 
vitamin A activity was destroyed* Kaunits and Slanetss (33)# 
by molecular distillation, isolated from lard a fraction 
of distillate with vitamin A-like activity but which is 
chemically different from the known forms of vitamin A# 
Thomas, Jacobson and Whitby (59) found that when 
butterfat was withheld from young calves by replacing whole 
milk with skim milk, thus simultaneously eliminating caro­
tene and vitamin A from the diet, the blood level of vitamin 
A increased* They also found that merely the elimination of 
carotene and vitamin A (lard substituted for butterfat) did 
not change the plasma vitamin A concentration whereas elim­
ination of fat (lard) resulted in a distinct increase*
James and Holllnger (31) observed that when skim 
milk or lactalbumin replaced a part of the carbohydrates 
in a diet essentially free of carotene and vitamin A but 
otherwise complete, the vitamin A blood values of young 
human adults Increased sharply, while the carotene blood 
values continued to decrease* Casein did not produce this 
effect, although in all tests the subjects were consuming 
unenrlched oleomargarine ad libitum*
Urbach, Mack and Stokes (61) during two successive 
years used three approximately matched groups of mndernour^ 
ished schoolchildren in comparing the nutritional effects 
of three Isocaloric school lunches * (a) lunches containing
enriched cereal and milk; (b) lunches containing common
11
farina; (c) lunches containing no cereal* Although the 
enriched cereal contained no vitamin A or provitamin A> 
they found a favorable difference in vitamin A blood 
levels In behalf of the cereal of higher content of total 
protein* The authors suggested that these findings might 
be related to a sparing action of proteins, or possibly, 
of the major B vitamins, on vitamin A*
Meunler and his coworkers (43), working with vita* 
min A deficient rats, found that the addition of two per 
cent sodium benzoate to the diet decreased the survival 
time of the rats consuming a diet low in vitamin A, but 
that the simultaneous administration of glycine counter* 
acted the effect of the sodium benzoate* Hats receiving 
sodium benzoate without glycine were protected by large 
doses of vitamin A* These authors suggested that vitamin A 
may be directly involved in the synthesis of glycine in 
the organism*
The literature dealing with vitamin A has to be 
considered in relation to the conditions stated by Koehn 
(33) in 1948: "The evidence that has accumulated indi­
cates two facts: (1) that the vitamin A activity of beta-
carotene has been generally underestimated, and (2) that 
the 0SP reference oil has not contained the stated amount 
of vitamin A* It appears, therefore, that data in the 
literature on the vitamin A content of foodstuffs based on 
bioassay with rats and expressed In terms of International
12
Units and USP units of vitamin A are of little value. Not 
only are they based on inaccurate standards, but they were 
obtained by methods that have been shown to be unreliable 
In 1948, the USP standard was changed from the 
unreliable cod-llver oil to a solution of vitamin A acetate 
In cottonseed oil, thus making available an accurate 
primary standard of vitamin A.
The results of the foregoing studies on the effect 
of proteins on the utilisation of carotene and vitamin A 
may be summarized as follows*
An Increase In nitrogen metabolism in rats accom­
panies the development of avitaminosis A (53)# (I?)* Within 
limits, an Increased protein (casein) Intake exerts a 
sparing action on vitamin A when the Intake of vitamin A 
Is small (2), (1), but an increase of protein (casein) 
content in diets devoid of carotene or vitamin A augments 
the severity of the symptoms of avitaminosis A In vitamin A 
deficient rats (42 ). The conclusion that vitamin A is 
essential for the growth of tissue protein but not for its 
maintenance (6) has neither been confirmed nor contra-* 
dieted* When the vitamin A Intake is small, greater growth 
is obtained on diets containing high quality protein 
(mackerel protein) than on diets containing standard pro­
tein (casein) (12); high quality protein (casein substituted 
for com meal) favors the utilization of carotene and 
storage of vitamin A in the liver (19)« Lard contains a
13
factor with vitamin A-like activity; chemically, this 
factor la different from the known forms of vitamin A (33) $ 
the {Physiological effects of this factor may toe related to 
the quality and quantity of protein in the diet (37) s (59)* 
The blood values of vitamin A appear to be Influenced by 
the quality and quantity of protein in the diet (31)* (61)* 
It has been suggested (43) that vitamin A may be directly 
involved in the synthesis of glycine in the organism*
CHAPTER XI
the experimental subjects, rations a n d methods
The White Rats* The rats were first generation 
offspring of parents obtained in July, 1951* from Sprague- 
Dawley, Madison, Wisconsin. Forty-eight male, weanling, 
albino rats, selected from ten litters were used In this 
work; 44 received the experimental rations throughout the 
80-day experimental period. To provide liver controls, two 
were killed when weaned, and two were killed at the end of 
the 38-day depletion period. In the Appendix, Table I 
describes the eleven lltter-fours (44 rats), and Table II 
Identifies the 46 Individual rats.
The eleven lltter-fours were born within a seven­
teen-day period between October 23, 1931* and November 9, 
1951. The age of the rats when weaned varied from 19 to 
24 days with the average age being 22 days. With the 
exception of lltter-four no. 2 which was from a first 
litter, the lltter-fours were selected from second litters. 
The weights of the 44 weanling rats varied over a nine- 
gram range from 39 to 48 grams.
The Pour Isocaloric, Isonltrogenous Repletion 
Rations. The four Isocalorlc, Isonltrogenous rations used 
for comparing the effects of casein, lactalbumln, gluten,
14
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and sain on the nutritional utilization of carotene ware 
prepared in this laboratory* tha nutrients used In com­
pounding those rations vara analyzed for nitrogen by tha 
Kjeldahl procedure, and the gross energy values were deter­
mined directly In an Emerson bomb calorimeter* the values 
given in Table I below are averages of duplicate determin­
ations *
16
Table I
Mltrogen and Gross Energy Values of Nutrients*
Nutrient Nitrogen Gross energy
per oent calories/gram
Casein 13*6? 5373
Lactalbumin 12.82 51?0
Gluten 13*03 5404
Zeln 12.96 4854
BSP vitamin A test diet 3*09 4094
US? Brewers' yeast 8.04 4640
Irradiated yeast 8.49 4512
BSP C o m  stareh 0.1 3616
BSP Cottonseed oil —  9274
* The sources, and descriptions, of these nutrients are
given in Table III of the Appendix.
The composition of the USP vitamin A test diet 1st
Casein 18#
Salt mixture, BSP no. 2 4#
Dried yeast BSP 8£
Corn starch BSP 65$
Cottonseed oil BSP 5#
Vitamin D a sufficient amount*
♦The Bnited States Pharmacopoeia statess "Not less than 3
BSP units of vitamin D shall be provided in each gram of
diet and this vitamin shall be carried by the yeast or
cottonseed oil."
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In the experimental rations used during the h2-day 
carotene repletion period, the vitamin J> content was 5 USP 
units of vitamin D per gram of ration* This proportion 
was obtained by thoroughly dispersing 0*277 gram of Irra­
diated yeast (18,000 USP units vitamin D/gram) throughout 
each kilogram of ration*
In order to Incorporate proteins other than casein 
in rations which were to be isocalorlc and isonltrogenous 
with respeet to the USP vitamin A test diet, an algebraic 
computation based on the nitrogen and energy contents of 
the protein, the starch, and the fat was necessary* The 
yeast and salt were not Involved beeause constant amounts 
of these two items were used in the four different caro­
tene repletion rations* Example X in the Appendix shows 
how the proportions of nutrients In the lactalbumin ration 
(Ration 2) were computed* Similar computations gave the 
proportions of nutrients in the gluten and zeln rations* 
The computed proportions are given below in Table IX which 
lists the complete formulae of the five isocalorlc, 
isonltrogenous, carotene repletion rations*
18
Table XX
Computed Proportions of Nutrients in the Fire Isocalorlc, 
Isonltrogenous Rations in drams of Nutrient per Kilogram
of Ration
Ration Not 1 2 3 4 4-A
Nutrient iCasein Lact-
albumln
Oluten 80% Zeln- 
2<9> Casein
Zeln
Protein 180.0 192.1 I88.9 152.1 zeln 
36.0 oaseln
190.1
Salt mixture 40.0 40.0 40.0 40.0 40.0
Brewera1 yeaat 79*723 79*723 79.723 79*723 79.723
Irradiated yeaat O.277 O.277 0.277 O.277 O.277
Corn starch 650.0 634.8 644.9 630.5 625.6
Cottonseed oil 50.0 53*1 46.2 61.4 64.3
The rations were compounded manually In one and two
kilogram batches. The uniformity of the product was indi­
cated by the Kjeldahl nitrogen analytical values of 3*19,
3-18, and 3*15 per cent nitrogen for three different 
batches of Ration 1, the calculated value of which was 3*17.
Preparation of Supplements for Feeding. The daily 
supplements of beta-carotene and alpha-tocopherol were 21 
micrograms of beta-carotene (equivalent by definition to 
35 1.0. vitamin A) per rat, and one milligram of alpha- 
tocopherol per rat.
One solution containing beta-carotene and alpha- 
tocopherol was prepared by dissolving these materials in 
redistilled Skellysolve B, b. p. 68°C., in such concentrations
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that a micropipette of 89 cubic millimeters capacity 
delivered the dealred dally dose* The carotene potency 
warn determined with a Beckman spectrophotometer* The 
stock solution was stored in the dark at 3°C*, and was 
rechecked from time to time to insure its maintenance of 
potency* Ho deterioration was observed during the experi­
ment*
The Animal Experiments * The animals were caged In 
an air-conditioned room, the temperature of which was 
thermostatically controlled at 80°P*
At the beginning of the depletion period, two of 
the 48 weanling rats, SW.l and SW.2 (Table II, Appendix) 
were sacrificed as controls* Their livers were removed, 
weighed, and stored at 0°F* until analysed for vitamin A 
by the method of Vavlch and Kemmerer (63)*
The remaining 46 weanling rats were earmarked, 
tall-bled, transferred to individual metabolism cages of 
the type described by Swift and coworkers (38), (18), and 
fed the BSP vitamin A test diet at the restricted level of 
4 grams/rat/day for a period of 38 days* Pistil led water 
ad libitum was provided* This depletion procedure has been 
described by Koehn (33) who reported that as a result of 
feeding trials with various restricted levels of Intake 
during the depletion period, this particular level gave the 
most uniform results* At this level he found that the rats
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were depleted at much lower body weights, which allowed a 
greater growth response to the supplements. In this lab­
oratory, no symptoms of xerophthalmia were observed In any 
of the rats.
With the use of a simple rat holder which Incor­
porated the best features of the restraining devices 
described by Casper (9) and Elliott (16), every three days 
from each of the 46 rats was collected a sample of tall 
blood. By means of surgical scissors, from the tip of the 
tall just enough tissue was sliced to yield a clean bleeding 
surface. Prom this surface, blood was expressed in droplets, 
when It did not flow freely, by gently milking the tail so 
that pressure was applied over the tall veins, carrying the 
blood they collect from the proximal to the distal bleeding 
end of the tall. Elliott (16) employed this method of 
collecting samples of mouse blood for use in assessing the 
anti proteolytic activity of serum. He compared serum from 
tail-blood thus collected, with serum from heart-blood for 
each of 23 mice, starting with 35 cubic millimeters of 
serum from each source. His results showed that tall-blood 
obtained by this method from the mouse gave a fair represen­
tation of the serum antiprotease.
The rat blood was analyzed for vitamin A by the 
method suggested by Bessey, Lowry and associates (3), ob­
serving the precautions mentioned by Clayton (11), and 
Blerl and Sebultze (5)* who have shown that Bessey's micro
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atthod using tail blood (which they collected by an unspe­
cified method) yields values for vitamin A which are in 
the same range as those obtained with the antimony tri­
chloride aethod using blood from the carotid artery* In 
this laboratory it was found, contrary to the report of 
Bierl and Schultze (3)1 that the capillary collection tubes 
can be easily and satisfactorily sealed with plcene cement. 
The blood values obtained during the depletion period are 
given in Table IV in the Appendix*
The rats were weighed weekly for the first three 
weeks and thereafter every three days until the depletion 
period ended* Usually the rats ceased growing after having 
received the depletion diet for 27 to 30 daysj shortly 
thereafter a slight decline in weight ensued* The observed 
weights of the rats are given in Table V in the Appendix*
At the end of the depletion period two of the rats, 
nos* SD*5 and SD*7 (Table V, Appendix) were sacrificed as 
controls* Their livers were removed, weighed, and stored 
at 0°p* until analyzed for vitamin A by the usual method 
(63)* The remaining 44 rats were divided, on the basis of 
weight, into four matched groups of eleven individuals with 
each group containing one rat from eaoh of the eleven lltter- 
fours* Each rat was identified by a code number in which
the digit to the left of the point indicates the repletion
ration which the rat later received, while the numeral to
the right of the point indicates the litter-four of which
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the rat was a member.
Each of the four groups of rats then received one 
of the isocaloric, isonltrogenous, repletion rations, of 
which the gross energy and Kjeldahl nitrogen values were 
respectively, 4150 calories/gram and 0*0317 grams nitro- 
geit/grem*
Group 1 of the rats received Ration 1 (casein)§ 
Group 2 received Ration 2 (lactalbumin)| Group 3 received 
Ration 3 (gluten)| and Group 4 received Ration 4A (seln) 
during the first two days of the repletion period, and 
Ration 4 (zeln-easeln) thereafter*
the dally dose of supplements in $&ellysolve B 
was pipetted onto about 2 grams of ration, and the solvent 
was allowed to evaporate before feeding* All animals 
consumed the supplement within a few minutes*
To prevent the animals from going off feed when 
changed from the depletion ration to the repletion rations, 
only six grams of the repletion ration was offered on the 
first day of the repletion period* By one* and two-gram 
increments, the amount was Increased dally until 12 grams 
was offered on the fifth day* When a rat refused to eat 
during a 24-hour period, the entire amount offered dally, 
the refused portion was weighed and discarded* By the 
ninth day, the consumption of Rations 1, 2, and 3 averaged 
about 10 grams ratlon/rat/day, while that of the less 
palatable Ration 4 averaged about 8 grams/rat/day* During
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the remainder of the repletion period these amounts of 
fresh rations were offered dally♦ Individual record© were 
kept of all feed refusals*
The rats were weighed weekly. In Table VI in 
the Appendix are given the gains in weight of the rats.
In Table VII In the Appendix are given for each 
rat, the gain in weight observed at the end of the reple­
tion period, the amount of the particular ration consumed, 
and the ration efficiency which may be defined as the gain 
in body weight per unit of ration consumed.
The faot that the rats in Group 4 received only 3 
grams of ration per day while the rats In the other groups 
received 10 grams per day, does not invalidate comparisons 
of the ration efficiency of Group 4 with the ration effi­
ciencies of the other groups, for Mitchell and Beadles (46) 
have shown that the indicated minimum level of dietary 
protein required for the most rapid growth is not a function 
of the rate of food consumption, within wide limits. 
Regarding previously reported experiments concerned with 
the quantitative evaluation of nutrient requirements, they 
states "The implication in all of these experiments, with 
controlled or uncontrolled feeding procedures, is that the 
rate of food consumption and the rate of growth resulting 
in the experimental animals do not determine the level of 
the indicated nutrient requirements, and that such require­
ments need not be qualified, or restricted in their
2k
application to practical feeding conditions by the growth 
realized experimentally•— it is fortunate Indeed for 
nutritional research that nutritive requirements for max­
imum growth (or other function) can be assessed without 
realising maximum performance in actual experimental 
studies** (46)*
During the first three days of the repletion period 
four collections of blood were made from the rats at k 
hours, 8 hours, 32 hours, and 3 days after the rats had 
received the initial dose of carotenej thereafter, the 
samples were collected every three days* Usually, about 
16 to 20 hours elapsed between the time of feeding and the 
time of bleeding* The vitamin A blood values of the rats 
during the carotene repletion period are given in the 
Appendix in Table VIII.
Irregular fluctuations in the vitamin A blood 
values occurred for each rat* To determine if variations 
in the time Interval between feeding the carotene supple­
ment and collecting the blood sample were influencing the 
vitamin A values, on the 36th day of the repletion period 
lltter-fours nos* 1, 2, and 3, comprising twelve rats, 
were bled 36 hours after having received the carotene 
supplement of the 34th day, but none on the 3Sth day* The 
rats were then given the carotene supplement on the morning 
of the 36th day (12 hours later than usual), and samples of 
blood were collected at three hour intervals during the day*
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The results showed that the blood values were highly Indi­
vidual , with the fluctuations being unrelated to the 
Interval of tine elapsing between the feeding of the caro­
tene supplement and the collection of the samples* The 
vitamin a  blood values obtained during the nine-hour 
period are given in Table IX in the Appendix*
The feces were quantitatively collected durlz^ the 
carotene repletion period and stored in individual glass 
containers at QPp* until analysed for carotene by the 
method of van Eekelen, Engel and Bos (62), using instead 
of the Berntrop flask, an Erlenmeyer flask equipped with 
an extraction tube as described by Satmary (54). 5he 
fecal carotene values are given in Table X in the Appendix*
At the end of the test period the animals were 
killed with chloroform* The livers were removed, weighed, 
and stored in individual containers until analysed for 
vitamin A by the method of Vavlch and Kemmerer (63)* The 
weights of the livers, and the ratios of liver weight/body 
weight x 100, are given In Table XI in the Appendix* The 
vitamin A liver values are given In Table XIX In the 
Appendix*
The appropriate data recorded In the Appendix were 
subjected to analysis of variance according to the statis­
tical methods described by Snedecor (56), Section 10*8, 
pages 232-233 (Fourth edition)* The standard error of the 
mean was calculated for the average value obtained for each
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array of items by means of the formula given in Section 
2*12, page 41* The values reported in Chapter III of 
this thesis for the least significant difference between 
means were computed by using the formula involving the 
fiducial Interval, Section 10*4, page 221*
Illustrations of these computations, using the 
vitamin A liver values recorded in Table XII in the 
Appendix, are given in Example XX in the Appendix*
CHAPTER III 
THE EXPERIMENTAL RESULTS
In order to obtain an estimate of the character­
istics of the rats used in this experiment, particularly 
with respect to the vitamin A values of the blood and 
liver, and the uniformity of the body weights, the blood 
vitamin A and the body weights were assessed for all the 
rats during the depletion period at regular intervals* 
Control rats were sacrificed at the beginning and end 
of the period to gain information about the liver stores 
of vitamin A*
The average weight of the 46 weanling rats at 
the beginning of the depletion period was 43*8-0*3*# At 
the end of the depletion period, after the 44 rats had 
been divided into four matched groups prior to receiving 
the repletion rations, the average weights in grams of the 
rats in the different groups werei
Group 1 (casein) 62*3 t 1*0*
Group 2 (lactalbumin) 62-3 i 0.8
Group 3 (gluten) 62*3 ^  0.6
Group 4 (zeln-caseln) 62.3 ± 0#7
* Standard error of the mean; see Example II 
in the Appendix for an example of its 
computation.
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Only small amounts, 10 and 7 mlcrograms of vitamin A 
per liver, were found in the livers of the two control 
weanling rats which were sacrificed at the beginning of the 
depletion period* This observation is in agreement with 
that of Ouerrant (26), who found that the liver of the new 
born rat contains only a limited amount of vitamin A, and 
that the storage of vitamin A in that organ does not in­
crease greatly during the nursing period* Associated with 
this limited storage of hepatic vitamin A was a blood 
level of 24*8 i 0*9 mlcrograms of vitamin A/100 ml* Of 
aerum, which was obtained as the average value for the 46 
weanling rats during the first week of the depletion period*
Thirty-eight days later, at the end of the deple­
tion period, upon saorifice of the two remaining controls, 
no vitamin A was found in either of the livers* During 
the six days preceding the sacrifice, the vitamin A blood 
values for one of the controls fluctuated between 12 and 
14 micrograms/100 ml* of serum; the values obtained for 
the other control fluctuated between 18 and 25 mlcrograms/ 
100 ml* These results are in agreement with previous 
reports of other workers (21), that In vitamin A deficient 
rats, the vitamin A completely disappears from the liver 
before the order of magnitude of the blood value is appre­
ciably changed*
The average vitamin A blood values, in mlcrograms 
of vitamin A/100 ml* of serum, obtained for the four groups
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of eleven rats during the last six days of the depletion 
period weret
Group 1 (casein) 11*1 1 1*4*
Group 2 (lactalbumin) 11*5 1 1*6
Group 3 (gluten) 10*5 * 1*5
Group 4 (zeln-casein) 11*9 ±1*2
* Standard error of the mean*
Of the five criteria studied in this experiment* 
four were assessed terminally; that is, the element of 
change within the criterion with respect to the passing 
of time did not enter Into the estimate of the effect of 
protein on (a) the excretion of carotene in the feces* (b) 
the liver storage of vitamin A* (c) the ratio of liver 
weight to body weight* or (d) the ration efficiency* since* 
for reasons of either necessity or practicality* no analyses 
or final assessments of the biological materials were under­
taken until the end of the experiment* the vitamin A blood 
values* on the other hand* were assessed progressively; 
that is* in addition to the effect of the protein on the 
level of vitamin A In the blood* the accumulated estimates 
of this criterion at regular Intervals also introduced an 
Indication of changes within the criterion which accompany 
the passing of time* Thus* as the rats gained weight and 
matured* a gradual decline was observed in the average 
vitamin A blood level from an initial value of about 45 
mlcrograms/l00 ml* at the start of the repletion period to
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about 32 micrograms/100 ml* of serum a month later*
In Table III below are given the experimental 
results obtained for the four terminally assessed criteria, 
while in Table IV below are given the vitamin A blood 
values obtained as the carotene repletion period progressed*
Table III
Average Values of the Pour Terminally Assessed Criteria
Average values for groups of 11 F
rats*_______________  Value
Group 1 group' 2 droup 3 droup 4 (3/40 D*F
Casein Lact- Gluten Zeln- (P 2.1
albumin casein 4.;
Carotene in feoes*
Total mlcrograms 191*0 282.3 254.5 *62*3 12*1**
Std. error of mean,± 19*6 11*8 7*6 20.8
L*S*Dj P#05 5 64*2
P*01 * 88.0
Vitamin A liver stores*
kicrograms/liver 68.7 35*4 40*5 12.1 23.1**
Std* error of mean,! 6*0 5*4 4*6 2.7
L.S.D; P.05 * 19*4
P.01 “ 26*0
Liver weight/body weight
x 100 3*61 4*28 4.20 4*53 7*9***
Std* error of mean,! 0*08 0*17 0*11 0.18
L*S*D| 2 0*56
P.01 - 0-76
Ration efficiency
"x 100 34.2 33.2 26.1 22.6 65.1**
Std. error of mean,± 0.4 0.6 0.5 1.1
L.S.Dj P.qc ■ 2.8 
P.01 = 3.7
** Indicates significance at the one per cent probability 
level.
Table IV* Average Values of the Vitamin A Blood Levels (Micrograms/100 ml* of Serum)
4 Hours
1. Casein 
43.9 i 5.4
2. tacialbumin
48.2 ± 3.9
3. ttluien 
48.4 ± 3.0
if. £e£n-casein
44.7 A 2.6 0.36
8 « 47.8 A 5.1 44.9 ± 3.8 45.4 A 4.1 43.0 a 3.2 0.22
32 « 47.1 A 3.5 46.4 ± 2.9 44.2 i 2.4 42.6 a 3.8 0.37
3 Days 49.5 1 3.7 46.0 a 3.2 39.0 + 2.3 42.3 A 2.6 2.3
6 * 56.5 ± 4.0 48.9 A 3.2 43.6 A 3.7 44.6 A 3.2 2.8
9 « 48a A 2.2 44.7 A 1.8 38.5 A 2.0 37.8 A 2.1 5.9**
12 " 44.1 A 1.2 40.1 t 2.1 37.0 a 1.5 36a A 1.9 4.2*
15 9 38.5 A 2.1 39.8 ± 1.6 35.0 ± 2.5 34.4 A 2.2 1.5
18 « 40.7 ±1.9 41.0 ± 2.6 34*4 A 4.0 36.0 A 3.1 1.2
21 « 37*3 ± 3.7 37.6 A 2.6 31.7 A 2.5 28.3 A 3.5 2.1
24 u 38.9 ± 3.3 40.5 * 2.8 33.8 a 2.9 33*1 a 4.0 1.3
27 * 39.5 ± 2.6 41.1 ± 2.7 34*5 1 2.2 33.5 A 3.6 1.7
30 * 39.5 ± 1.7 39.4 A 1.6 37.1 + 1.6 35.0 A 1*4 1.9
33 a 32.0 ± 3.5 32.9 A 2a 29.9 A 2.4 33.5 ± 2 a 0.36
36 1 32.3 1 2.4 36.9 A 1.2 32.11 2.6 28.9 A 2.7 2.0
39 * 29.7 A 2.1 36.3 A 1.6 29.5 + 2.4 30.0 A 2.4 2.3
42 " 33.1 A 2.4 32.9 A 1.4 32.9 1 1.3 30.3 A 1.8 
Indicates significance at five per cent probability level. 
Indicates significance at one per cent probability level.
, 0.54 
lath d.f.
F value Least Significant Differences
pa p.05 F.01
10.1 12.1 16.2
11.8 14.1 18.9
6.9 8.2 11.0
5.7 6.9 9.2
10*4 12.5 16.8
7.7
7.4
9*3
8.9
12.4
11.9
H
.01 * 4.31.
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The Effect of Protein on Fecal carotene* If the 
average value of fecal carotene associated with the casein 
diet is taken as unity, the relative effects of the three 
other diets become readily apparent when expressed as per-
r this values
Ration 1 (casein) 10<#
Ration 2 (lactalbumin) 148#
Ration 3 (gluten) 133#
Ration 4 (zein-casein) 85#
L.S.0. 33#
Whether the whole of the non-excreted portion of carotene 
is actually absorbed, or whether some of it is destroyed 
in the gut, is uncertain. However, it Is clear that the 
"maximum effective dose", a tens used to describe that part 
of a given dose of carotene which is not excreted, 1& larger 
for the groups of rats receiving casein and zein-casein, 
than it is for the rats receiving gluten and lactalbumin.
The proposition that all the rats converted carotene to 
vitamin A in amounts sufficient to provide an excess above 
that necessary to satisfy all physiological needs is sup­
ported by the fact that vitamin A was stored in the liver 
of each individual rat. On the basis of these considera­
tions, it is concluded that the "maximum effective dose" 
of carotene is influenced by the protein accompanying the 
ingestion of carotene.
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The Effect of Protein on Liver stores of Vitamin A«
If the average value, corresponding to the casein diet, of 
the hepatic vitamin A storage is taken as unity, the extent 
of the adverse effect of the three other diets on the vita­
min A liver stores is indicated by the following percentages*
It is concluded that the liver storage of vitamin A Is 
influenced by protein, on the basis of three considera­
tions; (a) the "maximum effective doses” of carotene ob­
tained for casein and zein-casein were essentially the 
same; (b) the liver storage of vitamin A for casein was 
five-fold greater than that for zein-casein; and (c) 
the dally dose of carotene was the same for each of the 
four isocalorlc, isonltrogenous rations.
The Effect of Protein on the Liver Weight/Body 
Weight Ratio. If the average value of the liver weight/ 
body weight ratio attending the casein ration is taken 
as unity, the relative effects of the three other rations, 
in terms of percentages, are as follows;
Ration 1 (casein) 
Ration 2 (lactalbumin) 
Ration 3 (gluten) 
Ration * (zein-casein)
100£
52#
595*
185*
28#L.S.D (P>05)
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Ration l (casein) 100#
Ration 8 (lactalbumin) 119*
Ration 3 (gluten) 116#
Ration 4 (zeln-oaaoin) 126#
L.S.D. (P .1
' .05
16#
It 1* concluded from these data that protein exerts an 
influence on the size of the liver relative to that of the 
body*
The Effect of Protein on the Ration Efficiency*
If the average ration efficiency of the casein diet is 
taken as unity, the relative effects of the three other 
rations are shown by the following evaluation expressed 
in terms of percentagest
Ration 1 (casein) 100#
Ration 2 (lactalbumin) 97#
Ration 3 (gluten) 75#
Ration 4 (zein-casein) 66#
( P ^ ) 6#
At the five per cent probability level, the differences 
are significant for all pairs of proteins, with the excep­
tion of the difference between casein and lactalbumin* The 
failure of lactalbumin to show superiority over casein may 
have been caused by a change produced in the lactalbumin 
during the devltamlnlzlng process, the details of which 
were not stated by the manufacturer who donated the product
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for experimental purposes* It is known that lactalbumin, 
like many other proteins, suffers a progressive decrease 
in nutritive value when subjected to heat*
fhe Effect of protein on the Vitamin A Blood Levels* 
If the average vitamin A blood values obtained for the rats 
receiving the casein ration are taken as unity, the relative 
effects of the three other diets are shown by the following 
coaparisons expressed in terms of percentages*
36
Elapsed
fine
Hours
Batlon 1 
Casein
Ration 2 
lactalbumin
Ration 3 
Gluten
Ration 4 
Zein-casein
4 100 110 110 102
8 100 94 95 90
32 100 99 94 91
Days
3 100 93 79 85
6 100 8? 77 79
9 100*e (g,*) 93 80 79
12 100*(g>*) 91 84 83
15 100 103 91 89
18 100 101 85 88
21 100 101 85 76
24 100 104 87 85
27 100 104 87 85
30 100 100 94 89
33 100 103 93 105
36 100 114 99 89
39 100 122 99 101
42 100 99 99 92
* Indicates significant differences at the 5 % probability 
level•
ee Indicates significant differences at the 1 % probability 
level*
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During the first month of the repletion period* 
from the third to the thirtieth day* the blood vitamin A 
levels associated with casein and lactalbumin were always 
higher than those Obtained for gluten and zeln. Only on 
the ninth and twelfth days* however* did dlfferenoes appear 
which were significant at the five per cent probability 
level* and then only for the caaeln-gluten* and the casein- 
zeln comparisons* This tendency of the rats receiving the 
milk proteins to have vitamin A blood levels approaching* 
but rarely attaining* values significantly higher than 
those of the rats receiving the cereal proteins* does not 
permit* from the treatment in Table IV of the data In 
Table VIII In the Appendix* an unequivocal conclusion 
regarding the effects of casein* lactalbumin* gluten and 
zeln on the level of vitamin A in the blood*
CHAPTER IV 
DISCUSSION OF THE EXPERIMENTAL RESULTS
The average blood value of vitamin A at the end of
the repletion period obtained for the group of rats which
had received Ration 1 (casein) was 33 mlcrograms/100 ml#
of serum, while that obtained for the group of rats which
had been fed Ration 4 (zein-casein) was 30 mlerograms/100
ml# of serum* Statistically, the difference between these
two values was insignificant# The stores of vitamin A in
the liver, at this time, of the casein group averaged 68
micrograms/llver, while those of the zeln group averaged*
12 mlcrograms/llver* The difference between these two 
liver averages was statistically highly significant* Thus, 
there was a five-fold difference in the vitamin A liver 
stores between Croups 1 and 4, yet the blood values of 
vitamin A obtained for the two groups were essentially the 
same*
An explanation of this observation may be found 
in an hypothesis developed by Clover, Goodwin and Norton 
(21), Who suggested that the liver controls the vitamin A 
blood level through the following mechanism. The vitamin A 
alcohol In the liver Is dispersed In an aqueous medium, 
probably as a protein complex, while vitamin A ester occurs
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in fat droplets. An esterase converting the ester to alco­
hol sight be expected to function only at an oil-water 
Interface. The amount of ester brought Into contact with 
the enzyme would then be directly proportional to the area 
of the Interface^ the vitamin A concentration in the fat 
droplets would be less important. The amount of Interaction 
is thus probably determined by the surface area of the 
droplets present, and the amount of vitamin A ester exposed 
to the enzyme could be raised considerably without altera­
tion In the concentration of vitamin A In the droplets 
themselves. Since this mechanism tends to maintain rela­
tively constant blood levels of vitamin A despite gross 
variations in vitamin A Intake (21), the diagnostic use of 
vitamin A blood levels Is of little value except In patho­
logical conditions In which the llver-blood equilibrium is 
disturbed (8). The. proposition that vitamin A blood levels, 
except when the liver stores are approaching exhaustion, 
give no Indication of the amount of vitamin A stored in the 
liver, explains the experimental observation described above.
Xo serious contradiction exists between the conclu­
sions outlined In Chapter XII of this thesis and the 
findings reported for other Investigations of a similar 
nature by previous workers; In fact, some of the previous 
work In contiguous fields qualitatively supports the 
present conclusions. The observation that the protein 
(casein) having the highest ration efficiency produced the
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smallest livers relative to the body weights, yet stored 
the largest amount of vitamin A, is in harmony with the 
report or Baumann, poster and Moore (2) that at the same 
rate of growth, rats receiving 18 per cent casein in the 
diet had livers 15 per cent smaller than rats which re­
ceived only 8 per cent casein, yet those having the 
smaller livers developed the larger stores of vitamin A*
The results also agree with similar observations by Basu 
and De (1). Likewise, in agreement with the present 
finding that the greatest growth, accompanied by the 
greatest storage of vitamin A in the liver, occurred in 
the animals which received the protein having the highest 
ration efficiency, is the report of Beuel and coworkers (12), 
who found that with the use of two proteins, (casein and 
mackerel protein), and identical, limited intakes of 
vitamin A, the greater growth resulted when the rats re­
ceived the protein (mackerel protein) of higher nutritive 
value*
The importance of the concept that the nutritive 
value of a protein depends essentially upon the kinds of 
amino acids which it contains and upon the quantitative 
proportion of each which la absorbed at a given time, has 
been emphasized by different workers, among whom are Mader 
and his associates (39)* The carefully planned studies 
of Kllgler and Krehl (34) on zeln diets supplemented with 
various amino acids, show that seln, when supplemented
with the essential amino acids in which it is lacking* will 
not support maximum growth of young rats* However, if a 
25 per cent zein diet is supplemented with 5 per cent 
casein, 1*0 per cent lysine, 0*3 per cent tryptophane, and 
0*2 per cent histidine, the resulting growth response, 
according to these investigators, is comparable to that 
Obtained with a 25 per cent casein diet containing no zein* 
Prom these and other considerations, they concluded that 
the poor growth of rats on zein diets supplemented with 
essential amino acids is not caused by a toxic factor 
present in zein, but results, Instead, from an amino acid 
imbalance produced by the resistance of certain important 
peptide linkages in zein to proteolytic digestion both in 
vivo and in vitro * A similar, but not wholly comparable, 
Imbalance of amino acids exists in gluten, of which the 
primary deficit is lysine, and the secondary limiting 
deficiency is methionine (20)* The absence of adequate 
amounts of only one essential amino acid, tryptophane, in 
the diet has been reported by Johnson and Baumann (32) to 
have an adverse effect on the storage of vitamin A in the 
liver of the rat*
In the present study, effects of Rations 3 and t 
such as, for example, the reduced ration efficiency, the 
diminished storage of vitamin A in the liver, and the In* 
creased size of the liver relative to that of the body, 
are antithetical to the effects of Ration 1 and ultimately
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are attributed to an imbalance of amino acids in the diets* 
Zn Ration 4 the imbalance results chiefly from suboptimum 
amounts of lysine* tryptophane* and histidine; in Ration 3$ 
from similar deficits of lysine and methionine* Thus* the 
comparative values of the three above-mentioned criteria 
Illustrate the effect of an overall amino acid imbalance 
on the utilization of the gluten and zein rations* By the 
usual statistical methods it is possible to determine 
whether an overall amino acid imbalance in the diets has a 
significant effect on the level of vitamin A in the blood* 
In applying the statistical methods, the average 
values of the blood vitamin A are first obtained for*
(A)* the group of 22 rats which received the rations of 
relatively good overall amino acid balance* namely* the 
rats in Groups 1 and 2; and (B)* the group of 22 rats which 
received the rations having an overall amino acid Imbalance 
that is* the rats in Groups 3 and 4* The average vitamin A 
blood values obtained for Groups (A) and (B) from the data 
in Table VIZI in the Appendix* together with the standard 
errors of the means* are given in Table V below*
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Table V
Vitamin A Blood Values During the Carotene Repletion Period
Blapeed Average vitamin A blood values F least
Tine in odLerogrameAOO ml* of serum Value1 significant Differences
Hours for groups of •n
ik|!
Xi' *.05B m p  U) Group (B)
4 46.1 l 3.2 46*6 a 2*0 0.01
8 46.4 £ 3.1 44.2 £ 2.6 0.27
32 46.7 £ 2.2 43.5 * 2.2 1.05
Days
3 47.8 i 2.4 40.6 1 1.7 5.7* 7.1 8.5 11.3
6 32.7 * 2.6 44.1 £ 2.4 5.9* 8.4 10.1 13.5
9 46.4 £ 1*4 38.2 i 1*4 16.4** 4.7 5.7 7.6
12 42.1 £ 1.3 36.7 £ 1.2 9.7** 4.0 4.8 6.5
15 39.2 ♦ 1.3 34.7 £ 1.6 4.6* 5.0 6*1 8.1
18 40.9 * 1.6 35.2 £ 2.5 3.8
21 37.5 £ 2.2 30.0 £ 2.1 5.9* 7.4 8.9 11.9
24 39.7 £ 2.1 33.5 £ 2.4 3.8
27 40.3 £ 1*8 34.0 £ 2.1 5.2* 6.7 8.1 10.8
30 39.4 £ 1.1 36.0 t 1.1 4.8* 3.7 4*4 5.9
33 32.5 £ 2.1 31.7 £ 1.6 0.1
36 34*6 1 1.4 30.5 £ 1.9 3.1
39 33.0 * 1.5 29.7 1 1.7 2.1
42 33.0 x 1.4 31.6 £ 1.2 0.6
* Indicates significance at the five per cent probability level, 
** Indicates significance at the one per cent probability level, 
d,X. - 1 and 42, F.0j • 4.07| F.oq. “ 7.27.
If the average vitamin A blood values obtained for 
the rata In group (A) are taken as unity» the progressive 
effect of an overall amino acid Imbalance in the diet Is 
shown by the following comparative percentages obtained 
for group (B)«
Slaps ed tin* group (A) group (B)
4 Hours 100 101
8 f t 100 95
32 n 100 93
3 Says 100 05*
6 tt 100 84*
9 n 100 82**
12 ft 100 87**
15 M 100 89*
18 If 100 86
21 n 100 80*
24 t» 100 84
27 n 100 84*
30 n 100 91*
33 »i 100 96
36 n 100 88
39 tt 100 90
42 ft 100 96
• Indicates significant difference between (A) and (B) at 
the five per cent probability level*
** Indicates Blgnlflelant difference between (A) and (B) 
at the one per cent probability level*
45
These data indicate that the overall amino acid 
imbalance in the diet did not appreciably affect the 
vitamin A blood level during the first two days of the 
repletion period* although during this 48-hour Interval some 
of the rata were receiving Ration 4a which contained zein 
but no casein* Within three days* however* the overall 
amino acid imbalance had significantly depressed the vitamin 
A blood value* This significantly lowered level persisted 
for twelve days without interruption! thereafter* for fif­
teen days it was often significantly low. After the 
thirtieth day* the overall amino acid Imbalance in the 
diet did not significantly affect the level of vitamin A 
in the blood* It is concluded that an overall amino acid 
imbalance in the diet depresses the vitamin A blood level 
of the rapidly growing albino rat.
The work of Brown and Morgan (6)* Vavich and 
Kemmerer (63)* and Johnson and Baumann (32) indicate that 
vitamin A is required for the growth of tissue protein* 
which* in turn* implies that vitamin A is consumed in the 
synthesis of body tissues* Meunier (43) suggested that 
vitamin A may be directly Involved in the synthesis of 
glycine since he found that either glycine or vitamin A 
protected vitamin A deficient rats from the effects of 
sodium benzoate in the diet. On the other hand* Baumann* 
poster* and Moore (2) found that the addition of 12 per 
cent gelatin (which contains about 25 per cent glycine) to
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6 per cent of casein did not increase vitamin A storage In 
the liver, whereas Increasing the intake level of casein to 
Id per cent did Increase the hepatic storage of vitamin A. 
Assuming that both of these reports are correct, the impli­
cation is that vitamin A is required In syntheses other 
than that of glycine*
She work reported in the literature, and that 
described In this thesis, Indicate that vitamin A takes 
part in some metabolic processes in which occur the syn­
theses of amino acids, or proteins, or both, from the amino 
acids furnished by the protein in the diet*
Starting with two assumptions, (1) a large propor­
tion of the amino acids from the Ingested protein of low 
ration efficiency Is transformed in the liver to proteins 
which the body tissues can utilise, and (2) vitamin A is 
consumed in this transformation, an hypothesis has been 
proposed (30) which explains the fact that rats which re­
ceived the ration of lowest efficiency (zein-casein) 
developed the largest livers and stored the smallest 
amounts of vitamin A* According to this hypothesis, the 
greater the proportion of amino acids which the liver con­
stantly has to transform, the greater will be the size of 
the liver relative to that of the body. Concomitantly, the 
consumption of vitamin A Is increased, thus leaving a 
smaller amount of vitamin A available for storage In the 
liver*
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Conversely, the fact that the largest amount of 
vitamin a  was found in the smallest livers may he explained 
In a similar way* According to the hypothesis, the protein 
in the diet of high ration efficiency (casein) furnished 
amino acids of a nature, or balance; corresponding more 
nearly to that which will he readily acceptable to the 
body tissues* In such an Instance, the transforming, or 
converting, function of the liver will be less. In conse­
quence, the size of the liver relative to that of the body 
will be smaller; the amount of vitamin A consumed will be 
less; and a larger amount of vitamin A will remain for 
storage in the liver.
CHAPTER V 
SUMMARY
With albino rats aa the experimental subjects, 
four isoealorlc, lsonltrogenous rations equivalent to the 
MSP vitamin A teat diet (4150 calories/gram, 0*031? grama 
nltrogen/gram) containing one each of the four proteins, 
casein, lactalbumln, gluten and sein, mere used for 
estimating the effect of protein on the absorption and 
metabolism of carotene by the simultaneous assessment of 
five criteria: (1) the excretion of carotene In the feces;
(2) the liver storage of vitamin A; (3) the ratio of liver 
weight to body weight; (4) the ration efficiency; and 
(5) the vitamin A blood values*
Forty-eight male weanling albino rats of the 
Sprague-Dawley strain were selected from ten litters* 
Forty-six rats received the vitamin A test diet during the 
38-day depletion period, and 44 rats received the four 
carotene supplemented rations during the subsequent 42-day 
repletion period* Two control rats were sacrificed at the 
beginning, and two at the end, of the depletion period in 
order to gain information about the liver stores of vitamin A.
At the beginning of the depletion period the 46 
weanlings whose weights ranged from 39 to 48 grams (19 to 
24 days of age), were earmarked, tail-bled, transferred to
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Individual metabolism cages, and fed the tJSP vitamin A 
test diet at the restricted level of 4 grams/rat/day for 
a period of 38 days* Distilled water was provided ad 
libitum* Every three days a sample of blood from each 
of the rats was analyzed for vitamin A* The rats were 
weighed weekly for the first three weeks and thereafter 
every three days until the depletion period ended* Usually 
the rats ceased growing after having received the depletion 
diet for 27 to 30 days; shortly thereafter a slight decline 
In weight ensued*
At the end of the depletion period, the two con­
trols for liver vitamin A were sacrificed and the remaining 
44 depleted rats were divided on the basis of weight into 
four matched groups of eleven individuals, with each group 
containing one rat from each of the eleven litter-fours•
At the beginning of the depletion period the 
characteristics of the weanling rats were; (1) average 
weight, 43*8 ± 0*3 grams; (2) average vitamin A blood 
value, 24*8 ± 0*9 micrograms of vitamin A/100 ml* of 
serum; (3) liver stores, 10 and 7 mlcrograms of vitamin A 
per liver, respectively, for the two controls*
At the end of the depletion period the character­
istics of the four matched groups were;
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(1) average weight (2) average vita­
in gramsi min A blood
value in 
mlerograma/100 
ml* of serum
group 1 (casein) 62.3 ± 1.0 11.1 i 1.4
group 2 lactalbumln) 62#3 $ 0.8 11 #5 t 1*6
group 3 gluten) 62*3 ± 0.6 10*5 A 1*5
group 4 (zeln-casein) 62.3 * 0.7 11.9 * 1.2
(3) no vitamin A was found in the liver of either control.
During the 42-day repletion period the 44 rats were 
fed the isocaloric, is©nitrogenous rations supplemented 
with 21 micrograms of beta-carotene/rat/day and one milli­
gram alpha-tocopherol/rat/day. group 1 of the rats re­
ceived Ration 1 (casein); group 2, Ration 2 (lactalbumin); 
group 3, Ration 3 (gluten); and Group 4 received Ration 4A 
(zein, but not casein) for the first two days and there­
after Ration 4 (zeln-casein)•
The rats were fed at approximately the ad libitum 
level of food intake. For Rations 1, 2, and 3, this 
amounted to 10 grams of rat ion/rat/day * For the less 
palatable Ration 4 it amounted to 8 grams/rat/day. A 
record of the individual consumption of food was kept for 
each rat. The rats were weighed weekly* Blood samples 
were collected and analyzed for vitamin A every three days.
The feces were quantitatively collected during the 42-day 
period and stored individually at 0°P* until analyzed for 
carotene. At the end of the experiment the animals were 
killed with chloroform. The livers were removed, weighed, 
and stored at O^F* until analyzed for vitamin A*
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Statistical treatment of the analytical data Indi­
cated that:
1* The "maximum effective dose'* of carotene is larger for 
the groups of rats receiving casein and zeln-casein than 
it is for rats receiving gluten and lactalbumln*
2. compared with casein, the three other diets decreased
the amount of vitamin A stored In the liver*
3* Compared with casein, the three other diets increased
the size of the liver relative to that of the body*
4. Mo significant difference appeared between the ration 
efficiencies associated with casein and lactalbumln*
The ration efficiency of the gluten ration was about 
three-fourths that of casein* The ration efficiency 
of the zeln-casein ration was significantly below that 
of gluten*
5* Compared with the amino acid balance obtalnli% for
casein and lactalbumln, an overall amino acid Imbalance 
In the gluten and zeln-casein rations depresses the 
vitamin A blood level in the rapidly growing albino rat* 
Prom the work reported In the literature and that 
described in this thesis it is concluded: (1) Except when
the liver stores of vitamin A are approaching exhaustion, 
the vitamin A blood values give no indication of the amount 
of vitamin A stored in the liver* (2) Protein exerts an 
Influence on the absorption and metabolism of carotene*
(3) Vitamin A is consumed In some metabolic processes in
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which occur the syntheses of amino acids * or proteins, or 
both, from the amino acids furnished by the protein in the 
diet*
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APPENDIX
Table X
Description of the Eleven Litter-Pours
Litter-
four
no«
Dan
no*
Sire
no.
Date
bo m
Date
weaned
Age
Days
Litter
sequence
Weanlings In
■■ i x m r —
male J^ emale
1 19 25 10-23 11-15 23 second 7 6
2 2 35 10-24 11-15 22 first 5 7
3 20 26 10-25 11-15 21 second 7 5
* 22 8 10-25 11-18 24 second 6 8
5 18 7 10-28 11-18 21 second 7 7
6 1 35 11-1 11-20 19 second 4 2
7 * 8 13 33 10-31 11-22 22 second 11 4
9 23 35 11-7 11-29 22 second 7 5
10 30 36 11-9 12-1 22 second 5 5
11 11 5 11-9 12-1 22 second 4 7
59
60
la Table XX, the abbreviation SW indicates that 
the rat was sacrificed as a oontrol When weaned, while 
3D Indicates that the rat was sacrificed as a control at 
the end of the 38-day depletion period.
Table XX
Identification of the Individual Rats 
Code Bo. Litter-four Mo. Sar Mo. Wt. when Weaned
4 .5
2.1 1 1 47
3.1 • 2 45
4.1 " 4 46
1.1 " 5 46
SW.l " 6 48
SW.2 2 8 45
3.2 “ 9 43
1.2 w 10 42
2.2 " 11 42
4.2 " 12 41
2.3 3 20 39
3.3 " 21 40
4.3  " 22 39
1.3 ' 25 39
1.4 4 15 4
2.4 " 16 4
3.4 ° I I  45i.l ■ 18 45
2.5 5 W  *5
•' 28 4
SD.5 " 29 4
1.5 " 31 45
3.5 ” 32 45
4 .6  6 33 46
2.6 " 34 45
3.6 " 35 45
1.6 * 36 45
Table XI (Continued) 
Identification of the individual Rate
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Code Mo. Lltter-four Mo. Bar Mo. Wt. when Weaned
(drams)
42 
42
2 41
46 41
40 43
41 45
43 46
45 45
47 45
48 41
49 41
50 42
51 41
52 45
53 43
54 46
55 46
3*7 7
1*7 H
4.7 n
2 .7 it
SD«7 I I
4 .8 8
1*8 ii
3 .8 »
2 .8 f»
1 .9 9
2*9 i:
3-9 it
4 .9 ft
1.10 10
3 .10 H
4 .10 tt
2 .10 H
4.11 11
1.11 tl
2.11 It
3.11 If
5158 45
59 43
60 43
Table XII
Sources and Descriptions of the Nutrients
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1* Devitaminized casein* This was donated by Sheffield 
Farms Company, Norwich, New York* The vitamin con­
tent, according to the manufacturer, was;
Xhlamlne 0*08 micrograms/gram
Riboflavin 0*75 * "
Niacin 0.26 " *'
Biotin 0.0014 ” ”
Pantothenic acid 0*13 1 ”
Pyridoxin 0.49 M "
polio acid 0.033 " M
2. Devitaminized lactalbumln* This was donated by Shef­
field Farms Company, Norwich, New York* The manufac­
turer stated that it had been prepared by the same 
process which was used in preparing the devitaminized 
casein *
3* Wheat gluten* This was purchased from General Bio­
chemicals, Inc., Chagrin palls, Ohio*
4* Zein* This was purchased from City Chemical Corpora­
tion, 132 West 22nd Street, New York City.
5* Brewers* yeast, DSP* This was purchased from Nutrition­
al Blochemlcals Corporation, Cleveland, Ohio* The 
vitamin content, according to the manufacturer, was;
Thiamine 150 micrograms/gram
Riboflavin 65 *' "
Niacin 475
Biotin 2.2 " 1
Pantothenic acid 125 H "
Pyridoxin 30 H ”
Folic acid 22 " ,f
Choline 3600 M "
Inositol 4500 " "
Irradiated yeast. This wee purchased from nutritional 
Biochemicala Corporation, Cleveland, Ohio* According 
to the manufacturer, it contained 18,000 U^P unite of 
vitamin D per gram*
Salt mixture, No* 2 US P. This was purchased from 
Nutritional Biochemical© Corporation, Cleveland, Ohio* 
The composItion^ according to the manufacturer, west
Cottonseed oil, USP. This was purchased from Meyer 
Bros* Drug Company, 600 Magazine Street, New Orleans, 
Louisiana•
Corn starch, USP. This was obtained from J* T. Baker 
Chemical Company, Phillipsburg, New Jersey* 
beta-Carotene. This was purchased from Oeneral Bio- 
chemlcals, Inc*, Chagrin Palls, Ohio* 
alpha-Tocopherol • This was purchased from Merck and 
Company, Inc*, Rahway, New Jersey*
Petroleum ether (Skellysolve B)* This was obtained 
from LSU Laboratory Stores and redistilled by Dr* 
Barvye Lewis* A constant-boiling fraction, b.p* 
68°C*/atm*, was used as the solvent for beta-carotene 
and alpha-tocopherol*
Magnesium sulfate 13*79#
Potassium phosphate (dibasic)23*98#
Calcium biphosphate 
Calcium lactate 
Ferric citrate
13*58#
32*70#
2*97#
Sodium biphosphate 
Sodium chloride
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Sabi* 17
Vitamin a  Blood values During the Depletion Period 
In Micrograms/l00 ml. Serum
Rat ElapiBed Time In Bays
no* 0 3 6 £ 12 1ST 18 -jar 3 xr“35“"36"
1-1 3 0 36 18 10 29 27 7 0 10 9 10 1
1.2 4 — 40 16 28 31 - 39 0 3 0 7 8
1-3 13 33 45 27 36 39 19 15 0 5 4 — 8
1-4 18 15 26 46 41 41 10 4 21 9 14 17 —
1-5 13 31 22 34 41 44 0 0 16 8 16 9 —
1*6 21 11 28 32 14 4 0 13 0 4 4 13 —
1-7 29 20 16 36 41 19 23 20 12 18 12 — 20
1.8 26 34 25 41 — 24 36 30 22 20 16 23
1.9 29 40 14 13 31 20 22 22 27 — 20 1 0
1.10 38 42 30 30 34 35 39 17 7 39 — 20 14
1.11 37 — 17 34 39 23 34 33 21 34 — 20 11
2.1 2 29 19 19 29 31 31 24 0 9 3 9 2
2.2 11 33 23 21 35 39 22 53 0 7 4 0 5
2.3 6 — 37 15 33 32 13 5 0 7 0 13 6
2.4 16 25 29 38 32 27 23 4 25 14 17 15
2.5 8 48 32 43 41 47 35 12 25 15 16 10 *» *s»
2.6 14 15 23 24 30 5 0 35 3 1 1 15 —
2-7 27 23 27 43 48 26 31 22 18 21 17 — 23
2.8 23 24 22 54 42 33 40 25 25 28 23 28
2*9 24 33 8 14 35 15 23 21 23 — 15 8 5
2.10 38 40 27 35 29 28 38 33 27 37 — 25 12
2.11 34 38 17 32 40 22 38 30 27 33 18 10
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fable IV (Continued)
Vitamin A Blood Values During the Depletion Period
in Micrograms/l00 ml* Serum
Rat Elapsed Time in DaysBo. 0 3 6’ 9 12™ 15 18 21 ‘ 24 30 33 36
3.1 3 20 32 11 30 29 26 4 0 4 0 4 0
3.2 7 — 42 17 30 22 20 27 0 2 0 6 6
3*3 5 35 21 14 37 24 24 13 0 3 0 5 9
3-* 27 23 54 38 38 27 17 7 23 12 18 9 - -
3.5 6 42 31 37 39 42 36 8 17 12 13 9 —
3.6 21 5 26 36 28 13 3 18 1 8 0 13 —
3*7 34 16 15 42 42 21 27 - - 33 21 27 24
3-8 29 36 33 44 — 26 36 26 20 29 20 — 24
3*9 17 25 14 5 29 14 17 16 16 — 13 9 5
3*10 to 35 26 32 42 22 36 35 16 35 — 23 14
3-11 39 38 22 40 37 25 31 29 15 29 — 16 6
4.1 11 — 31 — 31 21 29 17 0 5 1 9 4
4.2 16 29 9 22 28 32 20 8 0 0 3 4 12
*•3 5 35 17 30 30 27 20 13 0 0 12 7 9
4.4 21 25 22 45 38 41 28 12 22 13 18 16 —
4.5 21 30 27 38 40 39 27 8 19 13 23 12 —
4.6 43 16 19 24 26 0 0 27 5 11 7 13 —
4.7 25 30 18 46 35 27 30 17 12 6 9 — 18
4.8 26 26 18 38 35 27 30 22 21 16 20 21
4.9 28 29 14 4 32 — 21 18 25 - ~ 16 7 5
4.10 42 39 21 31 49 17 33 35 19 38 — 21 14
4.11 40 29 27 39 43 25 34 36 24 38 — 17 11
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Table V
Description and Identification by Growth Weights 
of the Individual Rats in the Pour Hatched Groups 
(Group and Ration Wo. Ij Casein)
Rat Days Depleted
No. 0 7 "14 &i — 27 30 53“ 36 38
1.1 46 54 58 65 65 67 66 64 64 64
1*2 42 52 56 63 65 66 65 63 64 61
1-3 39 45 51 55 57 58 59 56 56 54
1.4 47 51 53 60 61 62 61 61 61 61
1.5 45 49 54 62 63 65 63 64 63 63
1.6 42 44 52 59 62 63 64 63 67 65
1*7 42 48 55 57 56 59 56 56 61 60
1.8 46 50 58 60 62 63 60 60 64 64
1-9 41 48 51 54 54 57 59 60 62 62
1.10 45 49 53 54 54 58 60 63 65 65
1.11 45 49 55 56 55 59 61 66 66 66
Total 480 539 596 645 656 677 674 676 693 685
Table V (continued)
Description and Identification by Growth Weights 
of the Individual Hats In the Four Matched Groups 
(Group and Ration Mo. 2; Lac talb main)
Ret Ours Depleted
■o. Y ~T4" 21 tit 27 30 33 "'36 38
2.1 ♦7 51 55 64 65 65 64 63 63 60
2.2 42 50 56 64 66 66 66 64 64 61
2.3 39 46 52 59 60 62 62 62 61 60
2.* 48 51 53 61 61 62 60 60 60 60
2.5 45 49 53 62 64 65 65 64 64 64
2.6 45 50 58 60 65 65 65 62 66 65
2.7 41 47 57 59 59 60 58 60 63 64
2.8 45 50 55 57 58 59 57 55 58 58
2.9 41 48 52 55 54 58 58 59 61 62
2.10 46 51 56 55 56 61 62 66 68 67
2.11 43 47 52 52 52 57 58 63 63 64
To tel 482 540 599 648 660 680 675 678 691 685
Table V (Continued)
Description and Identification by Crowth Weights 
of the Individual Rats in the your Matched Croups 
(Croup and Ration *o. 3; Cluten)
Rat Days Depleted
Vo. 0 t 1 4 21 "24" 27 30 ' 33' 36 '■"'SS
3*1 ♦5 51 56 62 62 64 65 63 64 63
3*2 *3 53 58 64 64 67 64 62 62 60
3-3 40 47 54 58 60 62 63 63 61 60
3-4 45 49 52 58 59 61 60 59 59 59
3-5 45 47 52 60 61 63 62 63 63 63
3-6 45 49 57 58 63 63 63 61 64 64
3.7 42 48 55 58 58 59 56 57 61 61
3.8 45 49 57 58 59 60 57 59 63 63
3.9 42 50 52 55 54 58 57 58 60 62
3.10 43 *7 52 52 53 59 60 63 65 65
3.11 43 50 54 53 54 59 60 63 65 65
Total *78 540 599 636 647 675 667 671 687 685
Sable V (Concluded)
Description and Identification by Growth Weights 
of the Individual Hats in the Four Hatched Groups 
(Group and Ration No* 4; Zein-caeein)
Rat Days Depleted
■e. 0
p.,
21 <SST 27 30 33 36 38
4.1 46 52 57 63 64 66 64 65 65 63
4.2 41 50 53 60 64 63 63 62 62 60
4.3 39 47 53 61 62 64 64 63 62 60
4.4 45 51 54 61 63 62 61 61 61 61
4.5 45 47 52 60 62 62 62 62 62 62
4.6 46 48 54 59 63 63 64 62 65 64
4-7 41 48 55 58 60 61 57 57 62 62
4.8 45 51 56 56 57 58 55 56 60 59
4.9 41 47 52 54 55 58 58 60 62 63
4.10 46 50 54 54 55 60 62 65 66 67
4.11 45 46 52 53 53 58 60 64 64 64
Total 480 537 592 639 658 675 67O 677 691 685
(Controls sacrificed at end of depletion period)
S.D.7 43 49 56 58 60 59 57 59 63 65
S.D.5 44 46 50 58 62 62 61 62 62 62
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Table VZ
The Gains la Weight on the Repletion Rations
Group 1
Rat Days Repletect
Ho. 14 21 ‘"28 35 42 when killed
1.1 39 71 98 112 135 141 146(44 days)
1.2 37 75 101 124 141 150 152(44 days)
1.3 40 74 94 118 145 150 155(44 days)
1.4 37 62 97 111 132 135 136(43 days)
1.5 43 68 99 116 138 145 146 If fl
1.6 47 75 92 117 125 145 135 tl n
1.7 43 71 99 112 128 140 140 ft H
1.8 42 69 96 113 129 147 144 fl It
1.9 47 74 91 110 128 136 138 ft r
1.10 37 69 85 109 126 140 145 H
1.11 41 75 94 117 136 144 153
N H
Total 453 783 1046 1259 1465 1573 1590
Table VI (Continued)
The Seine In Weight on the Repletion Rations
Sroup 2
Ret * Care Repleted
*e. V 14 ""SI" 28 35 ~42 ’ when killed
2.1 44 70 88 112 133 136 142(44 days)
2.2 40 73 89 111 131 139 141(44 days)
2.3 38 70 93 114 131 133 136(44 days)
2.* 36 63 84 102 113 120 121(43 days)
2*5 38 67 92 108 127 141 143 W »
2.6 45 78 92 122 137 157 150 f t  I I
2.7 41 66 91 96 $04 114 110 M ft
2.8 38 69 99 111 126 145 139 I I  f l
2.9 48 61 87 106 123 128 130 f l II
2.10 37 74 98 115 136 136 146 I I  M
2.11 31 76 88 108 129 133 138 11 f t
Total 436 767 1001 1205 1390 1482 1496
Table VI (Continued)
The Qaina in Weight on the Repletion Rations
Bat
Group 3 
Days a«Pl«ted
lo. 7 TT~ ' T T 28 35 42 M u m  killed
3-1 33 58 76 82 107 111 114(44 days)
3.2 33 55 72 84 103 105 108(44 days)
3.3 28 to 56 67 83 86 92(44 days)
3*4 26 *9 76 80 87 100 100(43 days)
3.5 29 50 72 80 88 102 102 " "
3*6 *1 64 76 93 97 113 114 " "
3-7 26 5* 76 81 94 107 104 " ”
3.8 30 55 65 78 82 103 100 " "
3.9 29 56 72 83 94 102 104 " "
3*10 19 37 *3 60 77 90 96 " "
3.11 29 60 68 83 102 110 117 " ”
H
I
5*
323 578 752 871 1014 1129 1151
Table VI (Concluded)
The Cains in Weight on the Repletion Rations
Croup 4
Bat Bays Repleted
Bo. r r - 21 "VS 35 42 when killed
4.1 28 42 50 62 59 62 64(44 days)
4.8 24 38 58 63 64 66 68(44 days)
4.3 27 40 55 62 59 66 67(44 days)
4.4 6 13 19 21 28 28 25(43 days)
4.5 18 35 50 38 40 46 46 " I
4.6 29 52 62 71 77 91 83 " I
4.7 17 30 39 39 50 57 59 " W
4.6 23 38 58 48 54 67 68 " If
4-9 24 46 44 53 63 70 75 " It
4.10 17 35 45 62 72 77 82 " I
4.11 15 35 28 44 56 60 66 "
M
total 222 404 508 563 622 690 703
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W a K I a  tfTT
The Ration Efficiencies
The column numbers represent! 1, Rat Ro*£ 3* Cain in Weight 
(Qraaa); 3, Ration Consumed (drams); 4j Ration Efficiency x 100#
1 2 3 4 1 2 3 4
1 *1 “14b™ 34.0 2 .T"’142 420 ‘ 33 .Tr
1.2 132 430 35-3 2.2 141 409 34.5
1.3 155 425 36.5 2.3 136 415 32.8
1.4 136 420 32.4 2.4 121 396 30.6
1.5 146 420 34.8 2.5 143 403 35*5
1.6 135 419 32.2 2.6 150 417 36.0
1*7 140 420 33-3 2.7 110 375 29.3
1.8 144 419 34.4 2.8 139 416 33.4
1*9 138 418 33.0 2.9 130 408 31.9
1.10 145 422 34.4 2.10 146 423 34.5
1.11 153 425 36.0 2.11 138 425 32.5
3.1 114 403 28.3 4.1 64 275 23.3
3-2 108 420 25.7 4.2 68 277 24.5
3.3 92 392 23.5 4.3 67 289 23 .2
3-4 100 394 25.4 4.4 25 193 13.0
3.5 102 404 25.2 4.5 46 238 19.3
3-6 114 414 27.5 4.6 83 322 25.8
3*7 104 402 25.9 4-7 59 256 23.0
3*8 100 397 25.2 4.8 68 294 23-1
3.9 104 414 25.1 4.9 75 309 24.3
3*10 96 344 27.9 4.10 82 321 25.5
3.11 117 425 27.5 4.11 66 283 23.3
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Table VIII
Vitamin a  Blood Values During the Carotene Depletion
Period in Kicrograne/lOO ml* of Serum
Elapsed Bat Ho. In Group 1
Tlae
Hours
1 2 3 4 —5" b 8 9 10 11
4 51 — 14 30 37 70 47 54 53 33 42
8 35 44 14 48 75 74 39 48 53 49 47
32 47 44 39 66 63 53 28 41 54 33 50
Days
3 59 56 67 21 47 60 50 52 50 39 44
6 51 37 67 57 77 71 63 56 57 34 52
9 42 44 55 38 56 63 48 49 46 44 44
12 48 46 44 40 49 37 46 41 50 42 42
15 43 41 46 24 37 39 46 37 30 36 45
18 42 45 46 49 45 32 39 44 41 28 37
21 28 21 46 36 53 31 47 48 50 17 33
24 47 41 55 40 46 24 40 40 45 15 35
27 42 42 57 27 42 28 37 42 48 32 37
30 38 36 48 35 46 40 36 40 48 34 33
33 27 31 45 10 37 33 35 46 46 25 17
36 26 35 49 38 38 37 32 26 22 23 29
39 21 30 40 22 29 32 30 39 37 19 28
42 31 31 51 19 36 27 31 32 41 35 30
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Table VIII (Continued)
Vitamin A Blood Values During the Carotene Repletion
Period in Riorograma/100 ml. of Serum
Elapsed Sat Ho. in Sroup 2
Time
Hours
1 2 3 4 5 6 7 8 ■g" 10 11
4 30 37 54 48 40 71 55 55 63 44 33
8 20 44 35 56 60 64 52 42 44 38 39
32 39 47 45 63 61 53 47 35 46 42 32
Days
3 45 58 64 27 42 58 44 43 49 39 37
6 47 40 63 53 64 63 4? 35 48 38 40
9 41 46 52 36 47 42 58 41 45 43 41
12 34 38 52 45 41 41 47 46 32 32 33
15 37 42 44 41 39 28 46 28 36 48 39
18 40 45 44 44 54 23 43 41 49 39 29
21 32 26 38 43 44 27 46 50 45 36 27
2% 45 49 52 45 44 18 45 42 38 34 34
27 48 43 47 39 47 25 35 48 54 36 30
30 41 38 48 38 48 33 32 41 40 36 38
33 37 34 40 23 35 37 34 35 43 28 16
36 42 32 42 38 40 35 40 37 31 35 34
39 33 38 30 31 38 40 34 37 49 38 31
42 32 33 39 23 28 40 32 32 36 35 32
7?
Table VIII (Continued)
Vitamin A Blood Values Oaring the Carotene Repletion
Period In Klerograaa/100 ml. of Serum
Elapsed Rot HO. In Group 3
Time
Hours
1 2 3 4 5 b 9 10"11
4 42 43 37 43 49 72 49 47 60 42 48
8 25 33 34 55 67 67 38 53 41 44 42
32 39 38 39 56 46 50 58 43 45 32 40
Days
3 *7 47 47 29 41 43 42 42 35 30 26
6 44 35 52 47 65 62 37 46 33 27 32
9 40 44 42 45 48 26 40 41 30 32 36
12 37 44 41 39 40 38 39 35 28 38 28
15 35 37 40 26 27 32 52 46 27 34 29
18 46 48 39 47 42 6 39 32 34 16 29
21 32 26 35 38 38 25 41 38 36 13 27
24 40 47 43 34 32 15 37 34 40 19 31
27 36 47 38 39 41 23 31 36 35 23 30
30 36 39 40 38 49 36 36 32 37 28 37
33 27 18 36 22 36 37 38 35 36 25 19
36 36 25 49 36 32 36 38 33 26 16 26
39 13 25 31 27 34 40 31 32 23 27 41
42 31 37 38 28 34 39 32 22 33 35 33
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Table T U X  (Concluded)
Vitamin A Blbod Values During the Carotene Repletion
Period in Micrograms/100 ml* of Serum
Elapsed Hat No. in Croup 4
Tine
Hours
1 2 3 4 5 “5
---y — 8 9 10 11
4 30 34 -- 45 51 57 49 46 55 40 40
8 — 40 32 57 61 54 39 37 36 39 35
32 36 46 39 31 77 37 44 37 48 32 44
Days
3 42 56 52 32 4g 40 43 42 47 32 30
6 37 52 40 53 66 52 37 46 42 27 39
9 48 47 36 28 43 31 39 43 30 39 32
12 37 40 43 40 45 38 30 41 28 32 26
15 40 47 37 29 36 29 37 43 31 27 22
18 46 50 43 33 44 16 40 39 33 27 25
21 22 37 33 30 35 7 42 39 31 8 27
24 41 51 42 44 37 12 36 31 32 7 31
27 46 52 47 35 30 9 33 32 31 23 31
30 38 43 38 33 37 33 33 30 41 28 31
33 35 40 35 16 32 33 38 38 42 32 28
36 24 34 30 31 45 34 39 23 15 19 24
39 17 35 34 14 42 34 33 31 30 27 33
42 32 37 41 28 34 34 26 19 28 26 28
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fahle XX
Vitamin a  Blood Values Daring A Mine-Hour Period
The column heeded “Hours’ lists the elapsed time since 
the rate received carotene* The values In the other 
columns are mlorograms vitamin A/100 ml. of serum.
Hours Bat Mo. In Rat Ho. In Rat Mo. In Rat Mo. in
Group 1 Group 2 Group 3 Group 4
1 — ? 3 ~l—  5 '""3 “I— r'gr~lJ3  “I— ~ip~5»
36 —  31 3* 35 33 33 -- 25 23 36 36 30
3 36 31 51 *2 35 *1 40 39 47 27 37 36
6 33 31 45 42 38 40 37 33 51 26 35 26
9 26 35 49 42 32 42 36 25 49 24 34 30
• Bat 4.3 refused the carotene supplement.
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Table X
Tfee Fecal Carotene Values
The column numbers representi 1, Hat Mo.; 2, Total Amount 
of Feces (drams)j 3, Total Fecal Carotene (Mlorograms).
1 2 3 1 2 3
1.1 "TT9 62 2.1 'ir:T5'
1.2 16.2 124 2.2 28.1 299
1.3 13*9 253 2.3 27.2 313
1.4 16.3 280 2.4 26.3 320
1-5 16.3 216 2.5 23.9 327
1.6 13.8 239 2.6 23.2 284
1.7 16.0 232 2.7 27.5 299
1.8 14.2 196 2.8 25.3 287
1.9 16.8 180 2.9 27.O 270
1.10 16.0 196 2.10 24.3 221
1.11 14.6 123 2.11 26.4 202
3-1 23-5 243 4.1 14.4 36
3.2 26.2 188 4.2 15.5 230
3.3 22.7 281 4.3 14.8 220
3-4 24.2 250 4.4 14.3 223
3-5 25.5 273 4.5 13.0 243
3*6 25.5 259 4.6 19.2 224
3-7 24.1 273 4.7 16.5 139
3.8 23.0 261 4.8 18.3 137
3.9 27.7 252 4.9 I7.0 91
3.10 18.6 268 4.10 13.0 123
3.11 24.8 249 4.11 20.3 119
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Table XI
The Ratio of Liver Weight to Body Weight
The column numbers representi 1* Rat Ho*; 2, Liver Wt.(Oraae); 
3# Body wt. (Grams); 4, Percentage (Liver/body weights).
1 2 3 4 1 2 3 4
1*1 ?.2 21o 3.4 s.i.TT.T" 202' t :?
1.2 7*7 213 3-6 2.2 8.4 202 4.2
1*3 7*9 209 3.8 2.3 7*9 196 4.0
1.4 7-5 197 3.8 2.4 8.1 181 4.5
1.5 7*6 209 3.6 2.5 8.9 207 4.3
1.6 6.5 200 3-2 2.6 7*3 215 3.4
1*7 6.7 200 3.4 2.7 10.0 174 5-7
1.8 7*8 206 3.8 2.8 7-5 197 3-8
1-9 6.8 200 3*4 2.9 8.8 192 4.6
1.10 7*5 210 3.6 2.10 9.4 213 4.4
1.11 9.0 219 4.1 2.11 8.1 202 4.0
3.1 8.1 177 4.6 4.1 5.2 127 4.1
3*2 7.2 168 4.3 4.2 5.9 128 4.6
3*3 6.4 152 4.2 4.3 6.2 127 4.9
3*4 6.1 159 3*8 4.4 3.4 86 4.0
3*5 6.8 165 4.1 4.5 5.5 108 5-1
3*6 6.3 178 3-5 4.6 5*2 147 3.5
3*7 6.5 165 3-9 4.7 5.4 121 4.5
3*8 7.3 163 4.5 4.8 6.4 127 5.0
3*9 7.8 166 4.7 4.9 7-2 138 5.2
3.10 7.0 161 4.3 4.10 7.8 149 5.2
3*11 7-9 182 4.3 4.11 5-2 130 4.0
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Table XII
The Amount of Vitamin A Stored in Eat Livers
The column numbers represent* 1* Ret Ro»| 2,, Total Amount 
of Vitamin A Stored in the Liver (Micrograms),
1 2 1 2 1 2 1 2
1.1 74 '271 ' 6$ 3-1 50 4.1 13
1.2 113 2.2 51 3.2 67 4.2 28
1*3 30 2.3 30 3-3 26 4-3 8
1.4 67 2.4 41 3-4 45 4.4 5
1*5 72 2.5 25 3.5 18 4.5 7
1.6 63 2.6 44 3-6 34 4.6 14
1*7 76 2.7 6 3.7 53 4.7 9
1.8 68 2.8 30 3.8 24 4.8 6
1*9 60 2.9 21 3-9 28 4.9 4
1.10 54 2.10 21 3*10 53 4.10 30
1.11 79 2.11 51 3-11 48 4.11 9
Example X 
Computation of Bfutrlent Proportions
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From the composition of the CSP vitamin A test 
diet and the analytical values of the nutrients ('fable I* 
Chapter U), the nitrogen and energy contributions of 
casein, starch and cottonseed oil to the TOP vitamin A 
test diet were calculated as follows:
Material % of g./kg. % nitro- g.nitro- cal./g. oal./icg-
ration ration gen in gen/kg- material ration
material ration
Casein 18.0 180 13-67 24.61 5373 967,140
Starch 65.0 650 0.1 O.65 3616 2,350,400
Oil 5*0 50 0.0 0.00 9274 463,700
-“BBS- '"55756
thus, in compounding the four isocaloric, lsonitrogenous
repletion rations, it was necessary to satisfy three
conditions for each kilogram of ration, namely:
1. The sum of the amounts in grams of the protein,
starch, and oil must be 880.
2. The sum of the amounts of nitrogen in grams furnished
by the protein and starch must be 25-26.
3* The sum of the calories furnished by the protein,
starch, and oil must be 3,781,240.
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The algebraic expressions of these three conditions where 
X equals the grass of protein per kilogram of ration,
X " m « w starch n n " ” , and
Z ” « « « 0ll . » n m $ ares
1* X plus X plus Z equals 830.0;
2* X(nitrogen content of protein) plus x(nitrogen content 
of starch) equals 25.26;
3* X(cal./g. protein) plus X(cal./g.starch) plus Z(cal./g*
oil) equals 3,781,240.
Using the experimentally determined nitrogen and gross 
energy values in Table X, Chapter XX, in computing, for 
example, the proportions of nutrients in the lactalbumin 
ration, the three simultaneous equations become*
1. X plus X plus Z equals 380.0*
2. 0.1232 X plus 0.001 X equals 25.26*
3. 517O X plus 3616 X plus 9274 Z equals 3,781*240.
The solving of the equations gave the following proportions
of nutrients in the lactalbumin ration (nation 2) Isocaloric
and isonitrogenous with respect to the vitamin A test rations
lutrient Per cent of ration Crams nutrient per
kilogram ration
Lactalbumin 19*21 192*1
Corn starch 63*48 634.8
Cottonseed oil 5*31 53*1
Similar coimputations gave the proportions of nutrients in 
the gluten and zein rations.
Example II
The Statistical Computations
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The experimental data used In these computations 
are taken from Table XII (Appendix) which records the 
amounts in micrograms, of vitamin A stored in the rat 
livers *
Computation of the Variance Ratio, p.
Group
1 2 3 4
Symbol CtMla Lactalbumin Qluten Zein-casein Total
X 74 69 50 13
113 51 67 28
30 30 26 8
67 41 45 5
72 25 18 7
63 44 34 14
76 6 53 9
68 30 24 6
60 21 28 4
54 21 53 30
79 51 48 9
sx 756 389 446 133 1724
k 11 11 11 11 44
£ 68.7 35*4 40.5 1 2 .1
sx2 55944 I6923 20452 2401 95720
1. The sum 0t the Items is 1724.
2. The correction for origin, or correction term, is 
(SX*)2At* 0r (1724}2/44, or 67549.
3* The total sum of squares is .sx2 - (sx^A,.* or 
95720 - 67549* «** 28171.
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*• Th. group sum of squaros is
(SX0 )2Ao + (sx1)2A 1 -V (sXg)2Ag 4 (sXg^A* - ( s x ^ A t *  or 
(756}2A l  -V (389)2A l  + (**6 )2/ l l  -V (133)eA l  - 675*9. or 
51958 •+ 13756 -V 18083 -+ 1608 - 675*91 or
85^06 -  67549 =  17857*
5* The wlthin-groups sum of squaros Is the difference 
between the total sum of squares and the group sum of 
squares, or 28171 - 17857 = 10314*
6. The total degrees of freedom are Sk - 1, or 43f the
degrees of freedom between groups are n - 1, or 3i
the wlthin-groups degrees of freedom are 3k - n, or 40*
7* The mean square for groups is the group sum of squares 
diTided by the degrees of freedom for groups, or 
17857/3 = 5952*3*
8* The mean square for rats is the wlthin-group sum of 
squares divided by the wlthin-groups degrees of 
freedom, or 10314/40 = 257*8 *
9* The F value is the ratio obtained by dividing the mean 
square for groups by the mean square for rats, or 
5952*3/257*8 = 23*1*
10* In Table 10*7, pp. 222-226, of Snedecor’s "Statistical 
Tables” (Fourth edition) the critical values of F 
listed for 3 degrees of freedom for the greater mean 
square, and 40 degrees of freedom for the lesser mean 
square ares 5 % point, 2.84; 1 % point, 4.31*
The data employed in computing the F value may
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conveniently be tabulated as followst
Source of variation D.F» Sumo of Mean F
squares Squares value
Total 1*3 28171
Between group means 3 17857 5952*3
Between rata of same group 40 10314 257.8 23,1
Computation of the Standard Error of the Mean* 
Formula (l)» The formula given by Snedecor on 
page 41 of “Statistical Methods", a* = s/YiT, where a- is 
the standard error of the mean, s is the standard devia­
tion, and n is the sample size, is a simple expression
of the relationships obtaining in the more detailed 
statements
Fpj.'s«ula (2). 1
sx2 - (sx)2
s- - r... n-T----x ■
fii
Formula (3). Another statement of these rela­
tionships 1st 2* , x2
\
SX - (sx)
n
°i = )1 h(n-l)
In the present computations, Formula (3) is conveniently
used because the values of SX2 and (SX)g have already
n
been computed in connection with the F value. Substituting 
in Formula (3) the appropriate values obtained above, as 
an example, for the casein group, there results3
•5 * { 559}} ; g p 8 = = +6.0
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The average value, and standard error of the mean, in 
micrograms of vitamin A per liver obtained for the group 
of eleven rata receiving the casein diet is 68*7 1 6*0*
Computation of the Least Significant Difference* 
According to Snedecor, on page 221 of "statistical 
Methods", use is made of the estimate of a common variance 
in all populations* This value has already been computed 
above in connection with the P value as the mean square 
for rats* The numerical value found there was 257*8 .
With to degrees of freedom, the 95 % semi-interval is 
t#QgSj, which equals (2*021)  ^257*8/11, or $ 9*7* The 
least significant difference at the 5 per cent probability 
level is twice this value, or 19*4*
The critical value of t, for 40 degress of freedom 
at the one per cent probability level la 2*704, which 
shea substituted for 2*021 in the above formula, yields 
the value of 26*0 for the least significant difference at 
the one per cent probability level*
Similarly, the critical value of t for 40 degrees 
of freedom at the ten per cent probability level (1*684) 
when used in the above formula gives 16*2 as the least 
significant difference*
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